Background: To evaluate the efficacy of first-line bevacizumab-based chemotherapy for untreated metastatic colorectal cancer (mCRC) based on age.
Background
The incidence and prevalence of cancer are rising among older populations in developed countries [1] with more than 60% of all cancers being diagnosed in people >65 years of age [2, 3] . Focusing specifically on colorectal cancer, almost 75% of patients with the disease are >65 years of age and the median age at diagnosis is 70 years [4] . Despite this, older patients are typically under-represented in clinical trials, with <10% of patients enrolled in colorectal cancer clinical trials being >70 years of age [5] .
In randomised trials involving patients with metastatic colorectal cancer (mCRC), the addition of the humanised monoclonal antibody bevacizumab to firstand second-line therapies has resulted in significantly improved progression-free survival (PFS) compared with chemotherapy alone [6] [7] [8] . Recently, the AVEX trial reported a clinically significant benefit of adding bevacizumab to low doses of capecitabine (2000 mg/m 2 / day) in patients aged ≥70 years not deemed suitable for treatment with chemotherapy doublets. In this study, patients with a median age of 76-77 years derived a significant 4-month benefit in PFS (hazard ratio: 0.53, 95% CI: 0.41-0.69; p < 0.001) and a clinically, but not statistically, significant overall survival (OS) benefit of 3.9 months (hazard ratio: 0.79, (95% CI: 0.57-1.09; p = 0.182) with bevacizumab + capecitabine over capecitabine alone [9] .
In the randomised, open-label FOCUS2 trial, factorial comparison of 459 elderly and frail patients with advanced colorectal cancer found the addition of oxaliplatin versus no addition provided some improvement in PFS, but the finding was not significant (median 5.8 months [interquartile range: 3.3-7.5] vs 4.5 months [2.8-6.4] ; hazard ratio 0.84, 95% CI: 0.69-1.01, p = 0 · 07), while replacement of fluorouracil with capecitabine did not improve global quality of life scores [10] . A pooled analysis of elderly mCRC patients from randomised clinical studies showed that the addition of bevacizumab to chemotherapy provided similar PFS and OS benefits in medically fit older patients as in younger patients [11] . Similarly, in the BRiTE prospective observational cohort study, which included 363 patients ≥65 years of age, elderly patients receiving bevacizumab had similar PFS as younger patients, although as expected OS diminished with increased age [12] . However, despite these findings there is still a relative paucity of data on the use of bevacizumab in daily clinical practice in patients >70 years and particularly for those who are >75 years of age.
Following the approval of bevacizumab in Germany in 2005 for the treatment of unresectable advanced or refractory CRC, an observational cohort study was initiated to assess the efficacy and safety of bevacizumab as part of first-line chemotherapy for mCRC in German patients. Analyses were also performed to investigate the efficacy and safety of treatment with bevacizumab plus chemotherapy in elderly patients (either ≥70 or ≥75 years) with mCRC compared with younger patients (<70 or <75 years, respectively).
Methods

Observational cohort design and patients
This was an observational cohort study of patients with mCRC who had received no prior chemotherapy for metastatic disease. To facilitate enrolment of a typical mCRC population, eligibility criteria were minimised. All patients scheduled to undergo first-line treatment with bevacizumab were included. The choice of chemotherapy regimen was at the physicians' discretion, but was influenced by current registration status (i.e. 5-FU or capecitabine alone or in combination with oxaliplatin or irinotecan). The target was to recruit 1600 patients. Detailed information on baseline data, antineoplastic treatment, tumour development and safety were collected up to termination of bevacizumab therapy, or for a period of 12 months, in most cases. Thereafter, long-term assessment data on key parameters were retrieved repeatedly by additional fax forms for up to 6 years after initiation of treatment.
This was an observational study in which physicians' choices were guided by drug registration status and treatment guidelines (rather than the trial protocol). As the study was started prior to 2007, it was in agreement with the German FSA Codex [13] and the AMG Amendment 12, there was no need/requirement for ethics committee approval or written informed consent. For non-interventional studies started in 2007 or later, the FSA Codex asks for submission to the ethics committee and to the regulators. Furthermore, in the European Union, clinical research has to be performed according to the Directive 2001/20/EC of the European Parliament and of the Council on the approximation of the laws, regulations and administrative provisions of the Member States relating to the implementation of good clinical practice in the conduct of clinical trials on medicinal products for human use dating from April 2001. This regulation differentiates between the requirements for "interventional" and "non-interventional" studies. This observational study clearly fulfills the criteria for "noninterventional" as defined in Article 2, c.
Treatment
Patients received bevacizumab 5-10 mg/kg every 2 weeks or 7.5-15 mg/kg every 3 weeks in combination with chemotherapy; patients were also allowed to receive bevacizumab monotherapy.
Endpoints
Predefined efficacy endpoints were investigator-assessed response rate (as best response, unconfirmed), PFS (time from start of first-line therapy to investigator-assessed progression or death, whichever occurred first), and OS (time from start of first bevacizumab administration to death). Adverse events potentially related to antibody treatment were recorded (by use of open questions) and assessed, especially those of interest for bevacizumab, such as hypertension, proteinuria, gastrointestinal perforation, haemorrhage, and arterial/venous thromboembolic events. An adverse drug reaction was defined as an event for which a causal relationship with bevacizumab could not be ruled out or was unknown. A serious adverse drug reaction was defined as any event that resulted in death, was incapacitating, or required inpatient hospitalisation/ prolongation of existing hospitalisation for treatment.
Data analysis
Database lock occurred in November 2011. Exploratory post-hoc subgroup analyses were performed to evaluate the efficacy of treatment in patients ≥70 and those <70 years of age, and those ≥75 and <75 years of age. Analyses were based on the population of patients who had received at least one dose of bevacizumab. PFS and OS were recorded based on investigators' evaluation (with the assessment schedule at investigators' discretion) and analysed using Kaplan-Meier methodology, with median survival times and 95% confidence intervals (CIs). The curves were compared using two-sided log-rank tests. The rate of adverse events (all types and those of special interest for bevacizumab) were presented descriptively and summarised by study treatment.
Results
Patients
Between January 2005 and June 2009, 1777 eligible patients were enrolled at 261 sites in Germany; of these, 480 (27%) and 206 patients (12%) were ≥70 and ≥75 years of age, respectively. Baseline characteristics according to patient age are shown in Table 1 . Elderly patients in either age group did not differ greatly from younger patients in Table 1 Patients' baseline characteristics according to age (9) 56 (12) 147 (9) 28 (14) 3 4 (<1) 11 (2) 11 (1) 4 (2) 4 0
Metastatic site, n (%) (5) 35 (7) 88 (6) 15 (7) Local recurrence, n (%) 585 ( There were no differences between groups with respect to previous (neo)adjuvant chemotherapy. Fewer elderly patients in both age groups had >1 organ involved and elderly patients, again in both age groups, tended to have poorer Eastern Co-operative Oncology Group (ECOG) performance status (Table 1) .
Treatment
The median duration of treatment was 7 months in all four groups; patients <70, ≥70 and <75 years of age received a median of 8 treatment cycles while those aged ≥75 years received a median of 7.5 cycles. The differences between the younger and older age groups in the treatment chemotherapy backbone received, irrespective of whether the analysis was performed at <70 vs. ≥70 or <75 vs. ≥75 years, were: fewer older patients received doublet combinations at the start of treatment while more older patients received 5-FU or capecitabine monotherapy ( Figure 1 ). Patients' baseline characteristics by chemotherapy regimen and age are shown in Table 2 .
Efficacy
In the overall/intent-to-treat (ITT) patient population, the best objective response rate following bevacizumab-based treatment was 60% (95% CI 58-63%; complete response 10%, partial response 51%). The investigator-assessed overall objective response rate (including all treatment regimens) in patients aged <70 years was significantly greater than that in those aged ≥70 years (62% vs. 55%; p = 0.0046 Fisher's exact test; Table 3 ); similar findings were observed in patients aged <75 years vs. those aged ≥75 years (61% vs. 51%; p = 0.0041 Fisher's exact test; Table 3 ). Median PFS in the ITT population was 10.2 months, based on 1390 observed events. Median PFS in patients aged <70 years was longer than that in those aged ≥70 years (10.5 vs. 9.5 months; hazard ratio [HR]: 1.11, 95% CI: 0.99-1.25; 2-sided log-rank test p = 0.074; Figure 2A ) and this reached statistical significance in patients <75 vs. ≥75 years of age (10.5 vs. 8.9 months; HR: 1.36, 95% CI: 1.16-1.60; 2-sided log-rank test p = 0.00019; Figure 2B ). Corresponding values for median OS for patients aged <70 vs. ≥70 years and <75 vs. ≥75 years were 25.8 vs. 22.7 months (HR: 1.28, 95% CI: 1.11-1.47; 2-sided log-rank test p <0.0008; Figure 2C ) and 25.8 vs. 20.8 months, respectively (HR: 1.48, 95% CI: 1.23-1.80; 2-sided log-rank test p <0.0001; Figure 2D ).
Evaluation of PFS by chemotherapy regimen in patients <70 and <75 years of age showed PFS to be higher in those patients receiving an oxaliplatin-or irinotecan-based combination regimen compared with the respective groups receiving 5-FU/capecitabine (<70 years: 10.6 and 9.0 months, log-rank test p = 0.0065; <75 years: 10.6 and 9.2 months, log-rank test p = 0.028); however, no difference in PFS was observed between oxaliplatin-or irinotecan-based combinations and 5-FU/capecitabine regimens in both elderly age group comparisons (≥70 years: 9.7 and 9.2 months, log-rank test p = 0.52; ≥75 years: 8.3 and Figure 1 Bevacizumab-based therapy administered in cycle 1 according to patient age.
9.0 months, log-rank test p =0.98; Figures 3A and B) . The similar PFS observed with oxaliplatin/irinotecan regimens in the older age groups (≥70 and ≥75 years) compared with the younger age groups is likely to be the result of the selection of fewer but healthier patients better able to tolerate these regimens (for example, 66.0% of patients ≥75 years of age received oxaliplatin/irinotecan regimens versus 76.5% of patients ≥70 years of age).
Similarly, evaluation of OS by chemotherapy regimen and age found OS to be higher in patients <70 and <75 years of age receiving oxaliplatin/irinotecan compared with those receiving 5-FU/capecitabine (<70 vs. ≥70 years: 26.6 and (10) 2 (4) 24 (13) 10 (14) 79 (10) 1 (4) 12 (16) CEA, carcinoembryonic antigen; ECOG, Eastern Cooperative Oncology Group. a Patients could have >1 metastatic site. Table 3 Overall investigator-assessed response rate to bevacizumab-based therapy according to patient age
Response, n (%) Age <70 years (n = 1297) Age ≥70 years (n = 480) Age <75 years (n = 1571) Age ≥75 years (n = 206)
Complete response 104 (8) 34 (7) 139 (9) Progressive disease 96 (7) 45 (9) 115 (7) 17 (8) Not evaluable 41 (3) 12 (3) 122 (8) 23 (11) 22.9 months, log-rank test p = 0.37; <75 vs. ≥75 years: 26.2 and 22.4 months, log-rank test p = 0.13), whereas there was no difference between oxaliplatin/irinotecan and 5-FU/capecitabine regimens was observed in patients ≥70 years of age (23.0 and 21.1 months, respectively; log-rank test p = 0.46; Figure 3C ) and the outcome appeared to be reversed in patients ≥75 years of age (18.5 and 24.0 months, respectively; log-rank test p = 0.34; Figure 3D ). 
Tolerability
In total, 270 potentially treatment-related adverse reactions were reported; of these 72 (27%) were considered to be serious (21% patients aged <70 years and 45% in those aged ≥70 years; 26% patients aged <75 years and 30% in those aged ≥75 years). The incidence of treatment-related adverse events was similar in patients aged <70, ≥70, <75 years and ≥75 years ( Table 4 ).
The rate of premature withdrawal from the study was similar in both age group comparisons (<70 years 52% vs. ≥70 years 50%; <75 years 48% vs. ≥75 years 52%). More patients ≥75 years of age withdrew from the study because of a serious adverse event (10% vs. 6% of patients aged <75 years) but no difference was observed in those aged <70 vs. ≥70 years (6% vs. 7%). More patients ≥70 or ≥75 years of age withdrew because of treatment refusal (9% vs. 5%, and 10% vs. 6%, respectively), while more patients aged <70 and <75 years withdrew from the study because of planned surgery (7% vs. 4%, and 7% vs. 1%, respectively).
Discussion
The ITT population in this observational study had a median PFS of 10.2 months, which is consistent with those reported in the phase III trials by Hurwitz et al. [6] and Saltz et al. [8] (10.6 and 9.4 months, respectively), and the Bevacizumab Expanded Access Trial (BEAT) study [14] , the BRiTE study [12] , the Avastin® Registry: Investigation of Effectiveness and Safety (ARIES) study [15] , the Panitumumab Advanced Colorectal Cancer Evaluation (PACCE) study [16] , and the HORIZON III study [17] (10.8, 9.9, 10.3, 10.5 and 10.3 months, respectively). Other observational cohort studies have reported median PFS values in the same range as our findings [18, 19] .
Evaluation of PFS and OS by patient age found both to be significantly greater in patients aged <70 vs. ≥70 years and <75 vs. ≥75 years, despite the fact that median age at primary diagnosis of colorectal cancer in Germany is 69 years [20] . While the OS data are in agreement with findings from the BRiTE study, in which median OS was seen to decrease from 24.6 months in patients <65 years of age to 16.8 months in those >80 years [12] , the decrease in PFS with increasing age was not observed in either the BRiTE study [21] or the bevacizumab pooled analysis [11] . Interestingly, in ARIES, a US observational cohort study, there were slight reductions in PFS (10.3 vs. 9.9 months) and OS (25.1 vs. 19.6 months) in mCRC patients ≥70 years compared with those <70 years of age receiving bevacizumab and chemotherapy in the first-line setting, but neither PFS (7.9 vs. 7.9 months) nor OS (18.7 vs. 17.2 months) differed in the second-line setting when comparing the two age categories [22, 23] . Furthermore, in the randomised AGITG MAX study, the improvement in PFS observed when bevacizumab was added to the existing chemotherapy regimen was similar in those patients ≥75 years of age compared with younger patients [24] .
Overall, this analysis of elderly patients who participated in a large, community-based German observational cohort study shows that the use of bevacizumab plus chemotherapy is an effective first-line treatment option for patients with mCRC, independent of age. Nevertheless, as would be expected, median PFS and OS were significantly longer in patients aged <70 and <75 years than in the respective older patient groups, but there was no significant difference in the duration of bevacizumab therapy between the two age group comparisons. One possible explanation for this is that, despite both age groups being well balanced regards to most baseline characteristics, patients ≥70 or ≥75 years of age had a poorer ECOG performance status compared with the respective younger age group. This is likely to result in a more conservative, less intensive, approach to selecting the chemotherapy regimens for older patients (see below), as well as -for interpretation of the OS -less frequent use of all available drugs in subsequent treatments. The elderly group might also have a poorer general prognosis and certainly have a higher probability of nontumour-related death.
The possibility that patients in the older age groups received less intensive therapy is supported when comparing the first-line chemotherapy regimens used. Fewer patients aged ≥75 years received bevacizumab plus doublet combinations at the start of treatment (60% vs. 86% of patients aged <75 years) while more patients aged ≥75 years received bevacizumab plus 5-FU or capecitabine alone (31% vs. 9% of patients aged <75 years). Evaluation of outcome according to chemotherapy regimen and age found that there were no differences in PFS and OS between age groups when treated with bevacizumab plus fluoropyrimidine monotherapy, but both PFS and OS were longer in patients aged <70 vs. ≥70 years and <75 vs. ≥75 years when treated with bevacizumab plus doublet combination chemotherapy. While the comparative efficacy in terms of PFS and OS of bevacizumab plus fluoropyrimidine monotherapy in younger and older patients appears to be in line with that reported in the ARIES study [21] , the reason for the lack of increase in both PFS and OS with bevacizumab plus doublet chemotherapy in patients ≥75 years of age remains unclear. It is possible that these findings are the result of the lower numbers of patients in each subgroup, or that these particular patients had a worse prognosis. Observational cohort studies allow the collection of data on the 'real-world' incidence and time to onset of treatment-related adverse events in general clinical practice, together with monitoring for the occurrence of any new safety signals. The incidence of treatment-related adverse events was similar in patients aged <70 vs. ≥70 years and those <75 vs. ≥75 years, as was the incidence of events considered to be serious. The rate of premature withdrawal from the study was similar in both age groups, but more patients the older age groups withdrew because of a serious adverse event or treatment refusal while more patients in the younger age groups withdrew because of planned surgery. The rate of adverse events of interest for bevacizumab was low in this study of German patients and was, overall, less than those reported in the BEAT [14] and BRiTE studies [21] ; indeed, no increase in the incidence of arterial thromboembolosim in elderly patients was observed here in contrast to the increases reported in the pooled analysis of four randomised studies [11] and the BRiTE study [21] . It is possible that these differences could be the result of the way in which adverse event data were retrieved. Overall, no new safety signals were detected.
There are limitations that must be considered when interpreting findings from observational studies, with their inherent bias when selecting patients for specific treatment and maintenance strategies and when assessing progression and response. Nevertheless, minimal patient selection criteria were used and all patients scheduled to be treated with bevacizumab in the post-approval period were included in the study. Consequently, the population is more likely to be representative of the general oncology population in Germany (as is shown by the age distribution), and the study provides valuable information on the use of bevacizumab under the conditions and specifications of the German healthcare system. This observational study only documented patients treated with bevacizumab; it might have been of interest to include a record of the reasons for which patients were excluded from bevacizumab therapy, but this was beyond the scope of the study.
Conclusion
First-line bevacizumab-based treatment combinations were used successfully in German patients with mCRC, and also specifically in individuals ≥75 years of age. Findings from the current analysis suggest that for medically fit elderly patients chemotherapy doublets with bevacizumab may be regarded as a reasonable treatment option, although this should be interpreted with caution as the randomised, open-label FOCUS2 trial reported that the addition of oxaliplatin to fluoropyrimidine therapy versus no addition did not provide a significant improvement in PFS [10] . However, in line with findings from the AVEX trial [9] , monotherapy using 5-FU or capecitabine in conjunction with bevacizumab was shown to result in promising PFS and OS data in elderly mCRC patients.
